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(54) SURFACE ACOUSTIC WAVE DEVICE 




(57)Abstract: 

PROBLEM TO BE SOLVED: To secure both frequency and filter characteristics 
as desired and to improve the line width accuracy of a comb-like electrode by 



setting the electrode finger directions of the comb-like electrode in non-parallel to 
each other on both sides and accordingly reducing the difference of center 
frequency between the surface acoustic wave(SAW) devices. 
SOLUTION: When an SAW device 2b is produced, the 2nd exposure ultraviolet 
rays are reflected and scattered on an IDT electrode 3a of an SAW device 2a 
that is first produced. This reflecting/scattering direction is vertical to the 
electrode finger directions of the electrode 3a. If the directions of electrode 
fingers of both devices 2a and 2b are overlapping each other, for example, the 
rays reflected and scattered by the electrode 3a are made incident in the line 
width directions of fingers of an IDT electrode 3b and therefore directly affect the 
line widths of the electrode digitals. In this respect, the directions of electrode 
fingers are set in non-parallel to each other forming an angle 9 between the 
directions. As a result, the intensity of the ultraviolet rays incident in the line width 
directions of the fingers of the electrode 3b are reduced according to an angle 9 
and accordingly the line width accuracy is not easily deteriorated. Thus, the 
difference of center frequency can be reduced between both devices 2a and 2b. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Surface acoustic wave equipment characterized by the direction of an 
electrode finger of the ctenidium-like electrode which is surface acoustic wave 
equipment which it comes to prepare in front flesh-side both sides of one piezo- 
electric substrate respectively, and formed in said table flesh-side both sides the 
surface acoustic element which has the ctenidium-like electrode of the pair 
constituted so that two or more parallel electrode fingers might be engaged by 
turns not being mutually parallel. 

[Claim 2] Surface acoustic wave equipment according to claim 1 whose angle 
theta which the direction of an electrode finger of the ctenidium-like electrode of 
said table flesh-side both sides makes is 30 degrees <= theta<=150 degrees. 
[Claim 3] Surface acoustic wave equipment according to claim 2 which said 
piezo-electric substrate consists of a lithium tantalate single crystal, and is 36.3 
degrees <= theta<=143.7 degrees. 

[Claim 4] Surface acoustic wave equipment according to claim 1 to 3 on which 



the insulating or semi-conductive protective coat of 500A or less of thickness is 
put all over front flesh-side both sides of said piezo-electric substrate. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the surface acoustic wave 
equipment used for mobile communication equipment, such as a cellular phone, 
for example, the surface acoustic wave equipment of a dual mode. 
[0002] 

[Description of the Prior Art] Surface acoustic wave (by Surface Acoustic Wave, it 
abbreviates to SAW hereafter) equipment D1 of the conventional dual mode An 
example is shown in drawing 4 . This drawing (a) is SAW equipment D1. A 
perspective view and (b) are the sectional views in the A-A line of (a). 
[0003] In this drawing, two SAW components 12a and 12b from which frequency 
characteristics, such as a passband property, differ in both the principal planes 
(front flesh-side both sides) of the piezo-electric substrate 10 are formed. The 
reflectors 14a, 14a, 14b, and 14b for these SAW components 12a and 12b 



having the ctenidium-like electrodes (henceforth [ it is Inter DigitalTransducer 
and ] an IDT electrode) 13a and 13b of a pair at least respectively, reflecting 
SAW in the both ends of the SAW propagation path of the IDT electrodes 13a 
and 13b depending on the case, and making it resonate efficiently are formed 
(refer to JP,2-218209,A). 

[0004] Moreover, there are some which prepared two SAW components from 
which frequency characteristics differ in one principal plane of the piezo-electric 
substrate 10 as SAW equipment of a dual mode. 
[0005] Although various signal processing systems are used for mobile 
communication equipment, such as a cellular phone and a digital cordless 
telephone, in recent years, development of the concomitant use machine which 
can be equivalent to two kinds of signal processing systems at coincidence is 
becoming active. Therefore, the request to the SAW equipment of a dual mode 
which can be equivalent to two different signal processing systems, such as 
above center frequency, pass band width, etc., is becoming large. 
[0006] 

[Problem(s) to be Solved by the Invention] however ~ although the IDT 
electrodes 13a and 13b are formed in the front rear face of the above-mentioned 
piezo-electric substrate 10 - a case - each SAW equipment D1 In between, 
there was a trouble that center frequency tends to shift. It is considered to be 
based on the following causes. 

[0007] Namely, although IDT electrode 25 formation process which consists of a 
photolithography process, a vacuum deposition process, a lift-off process, etc. is 
respectively given by a unit of 1 time to the front rear face of the piezo-electric 
substrate 21 as shown in drawing 5 In the photolithography process of the 2nd 
IDT electrode 25 formation process The ultraviolet rays 23 for the exposure for 
carrying out patterning of the resist film 22 through a photo mask 24 It is reflected 
and scattered about with the IDT electrode 25 of the SAW component formed 
first, the line breadth precision of patterning of the IDT electrode 25 formed in the 
2nd time falls, and it is based on the reason center frequency shifts from a design 



value as a result. 

[0008] Moreover, although two kinds of SAW components could also be put in 
order and installed in one principal plane of a piezo-electric substrate, in the 
contiguity section of these SAW(s) component, it needed to be used separately, 
consequently it reflected, light was scattered [ the ultraviolet rays for exposure 
interfered, or ] about from coincidence, the pattern [ finishing / the next 
formation ], or the electrode finger in two kinds of photo masks by the 
photolithography process, and the line breadth precision of patterning was falling. 
The effect was larger as these SAW components approached. 
[0009] Therefore, it is in this invention being completed in view of the above- 
mentioned situation, and making small a gap of the center frequency between 
each SAW equipment in the SAW equipment which the purpose forms two sorts 
of SAW components in the front rear face of a piezo-electric substrate, and 
changes, and desired uniform frequency characteristics and a filter shape being 
obtained, and enabling formation of the line breadth precision of an IDT electrode 
with high precision. 
[0010] 

[Means for Solving the Problem] The surface acoustic wave equipment of this 
invention the surface acoustic element which has the ctenidium-like electrode of 
the pair constituted so that two or more parallel electrode fingers might be 
engaged by turns It is characterized by the direction of an electrode finger of the 
ctenidium-like electrode which is surface acoustic wave equipment and was 
formed in said table flesh-side both sides which it comes to prepare in front flesh- 
side both sides of one piezo-electric substrate respectively not being mutually 
parallel. By such configuration A gap of the center frequency of each surface 
acoustic wave equipment is made small, and desired uniform frequency 
characteristics and a filter shape are obtained, and formation of the line breadth 
precision of a ctenidium-like electrode is attained with high precision. In this 
invention, the angle theta which the direction of an electrode finger of the 
ctenidium-like electrode of said table flesh-side both sides makes is 30 degrees 



<= theta<=1 50 degrees preferably. Moreover, preferably, said piezo-electric 
substrate consists of a lithium tantalate single crystal, and is 36.3 degrees <= 
theta<=143.7 degrees. 

[0011] Furthermore, preferably, all over front flesh-side both sides of said piezo- 
electric substrate, the insulating or semi-conductive protective coat of 500A or 
less of thickness is put, and a resistance to environment improves and discharge 
arises between the electrode fingers of a ctenidium-like electrode further in the 
pyroelectric effect of the piezo-electric substrate by the elevated temperature at 
the time of heat treatment, and a ctenidium-like electrode can short-circuit, or, 
thereby, it can control and prevent being damaged. 
[0012] 

[Embodiment of the Invention] This invention is explained using drawing 1 - 
drawing 3 . Drawing 1 is the perspective view of the basic configuration of the 
SAW equipment D of this invention. One piezo-electric substrate with which 1 
consists of a lithium tantalate (LiTa03) single crystal of 36 degreeY cut-X 
propagation etc. in this drawing, 2a, two SAW components with which 2b was 
prepared in front flesh-side both sides (both principal planes) of the piezo-electric 
substrate 1, respectively, The IDT electrode of the ctenidium-like electrode of the 
pair constituted so that 3a and 3b might engage two or more parallel electrode 
fingers by turns, the reflector with which 4a and 4a were prepared in the both 
ends of the propagation path of SAW of IDT electrode 3a, and 4b and 4b are the 
reflectors prepared in the both ends of the propagation path of SAW of IDT 
electrode 3b. As for such SAW component 2a and 2b, each direction of an 
electrode finger of the IDT electrodes 3a and 3b is mutually made un-parallel. 
[0013] Thus, if the direction of an electrode finger is made un-parallel, it will be 
thought that a gap of center frequency becomes small according to the following 
operations. 

[0014] That is, although IDT electrode 3of SAW component 2a produced to the 
1st time a reflects and the 2nd ultraviolet radiation for exposure is scattered 
about by it in case the 2nd SAW component (for example, SAW component 2b) 



is produced, the main directions of the reflection and dispersion are presumed to 
be a perpendicular direction to the direction of an electrode finger of IDT 
electrode 3a (longitudinal direction of an electrode finger). For example, the 
direction of an electrode finger is parallel, and when SAW component 2a and 2b 
have lapped mostly, the reflected light and the scattered light by IDT electrode 3a 
carry out incidence in the line breadth direction of the electrode finger of IDT 
electrode 3b, and affect the line breadth of a direct electrode finger. Then, if the 
direction of an electrode finger is made un-parallel, according to the angle theta 
to make, the reinforcement of the ultraviolet radiation which carries out incidence 
in the line breadth direction of the electrode finger of IDT electrode 3b decreases, 
line breadth precision will stop being able to deteriorate easily and, as a result, a 
gap of center frequency will be considered to become small. 
[0015] Drawing 2 shows other operation gestalten of this invention, and is the 
perspective view of the basic configuration of SAW equipment Da. The piezo- 
electric substrate with which 10 consists of a lithium tantalate (LiTa03) single 
crystal of 36 degreeY cut-X propagation etc. in this drawing, Two SAW 
components with which 20a and 20b were prepared in front flesh-side both sides 
of the piezo-electric substrate 1, respectively, An IDT electrode, the reflector with 
which 30a and 30b were prepared in 40a, and 40a was prepared in the both 
ends of the propagation path of SAW of IDT electrode 30a, and 40b and 40b are 
the reflectors prepared in the both ends of the propagation path of SAW of IDT 
electrode 30b. As for these SAW components 20a and 20b, the electrode finger 
of the IDT electrodes 30a and 30b is aslant formed to the bus bar. 
[0016] Generally, since SAW is perpendicularly spread to an electrode finger, if 
the tilt angle of the electrode finger to a bus bar is too large, the propagation path 
of SAW will shift from the electrode finger of an IDT electrode 30a edge. 
Therefore, the tilt angle to a bus bar is a maximum of about 30 degrees, and 
when it is larger than 30 degrees, the expected property as a resonator and a 
filter is difficult to get [ a tilt angle ]. 

[0017] Therefore, angle thetaa which the direction of an electrode finger of SAW 



component 20a and the direction of an electrode finger of SAW component 20b 
make is good to consider as 0 degree<thetaa<=60 degree. About 5 
degree<thetaa<=45 degree is good more preferably. If larger [ when smaller than 
5 degrees, the effectiveness of this invention is difficult to get, and ] than 45 
degrees, the resonance effectiveness of SAW will fall and loss will tend to 
increase. 

[0018] and two or more drawing 3 is the graphs which produced, expressed the 
gap of the center frequency of those passbands with 3sigma (sigma: standard 
deviation) of an axis of ordinate, and set the axis of abscissa to theta every about 
the SAW equipment D to which the angle theta which uses a piezo-electric 
substrate as the lithium tantalate single crystal of 36 degreeY cut-X propagation 
about the thing of drawing 1 , and the direction of an electrode finger makes was 
variously looked like [ equipment ], and was changed. As shown in this drawing, 
3sigma (sigma: standard deviation) is [ theta ] small rapidly bordering on about 
30 degrees, theta is about 150 degrees or less similarly, and 3sigma becomes 
small rapidly. Therefore, 30 degrees <= theta<=150 degrees are suitable. 
[0019] Furthermore, generally, when a piezo-electric substrate is the lithium 
tantalate single crystal of 36 degreeY cut-X propagation, since the inclination 
field of **4MHz and a passband edge is 4MHz, it is good [ spacing of a passband 
and a rejection band region / the shift amount of the passband edge by 20MHz 
and the temperature change (operational temperature range: -30 degrees C - 80 
degrees C) ] to suppress dispersion in center frequency below to 20-4x2-4=8MHz. 
Therefore, in drawing 2 , it became clear that the field where dispersion in center 
frequency becomes below 8MHz was 36.3 degrees <= theta<=143.7 degrees. 
[0020] Although SAW component 2a of this invention and 2b may be the so- 
called SAW filters of the filter with which frequency characteristics, such as 
center frequency and pass band width, differ, respectively, and a dual mode, 
even if they are the thing of the same frequency characteristics, they are not 
cared about. Moreover, two or more same SAW components as one principal 
plane may be prepared, for example, ladder mold SAW filters, such as a 2.5 step 



pi mold, a 2.5 step T mold, and a three-step mold, may be constituted. 
[0021] When the SAW equipment D of this invention is the SAW filter of the 
above-mentioned dual mode, SAW component 2a and IDT electrode 3a of 2b 
differ in an electrode finger pitch and electrode digital-furrow width of face from 
IDT electrode 3b, respectively, and Reflectors 4a and 4a differ from Reflectors 4b 
and 4b similarly. Such IDT electrode 3a, IDT electrode 3b, Reflectors 4a and 4a, 
and Reflectors 4b and 4b are formed of a process including the removal process 
of the unnecessary resist by the film formation process of the electric conduction 
film by the resist spreading process of a positive type (type which dissolves by 
exposure), or a negative mold (type which does not dissolve by exposure), a 
photolithography process, the vacuum deposition method, the sputtering method, 
the CVD method, the applying method, etc., the lift-off method, the etching 
method, etc. and the unnecessary electric conduction film. 
[0022] For example, it is produced by following process (1) - (6). 
[0023] (1) Wash the piezo-electric substrate 1 of the lithium tantalate single 
crystal of the 36 degreeY cut-X propagation which ground the front face, apply a 
resist to the one principal plane (front face) by about 1.0-micrometer thickness, 
and make it dry at 90 degrees C. 

[0024] (2) Use the photo mask which forms electrode line breadth, such as IDT 
electrode 3a, by about 1 micrometer, and they are the wavelength of about 
225nm, and output 25.2 mW/cm2. Ultraviolet radiation performs adhesion 
exposure for about 4 seconds, and it is made to dry at 1 10 degrees C, and it is 
immersed in a developer, negatives are developed for 90 seconds, and a rinse is 
carried out with pure water. 

[0025] (3) Form aluminum for IDT electrode 3a and reflector 4a, and 4a with 
vacuum evaporation technique, and carry out lift off of the unnecessary section of 
aluminum to a resist with resist exfoliation liquid. 

[0026] (4) Apply a resist to the principal plane (rear face) of another side of the 
piezo-electric substrate 1 by about 0.5-micrometer thickness, and make it dry at 
90 degrees C. 



[0027] (5) Use the photo mask which forms electrode line breadth, such as IDT 
electrode 3b, by about 0.5 micrometers, and they are the wavelength of about 
225nm, and output 25.2 mW/cm2. Ultraviolet radiation performs adhesion 
exposure for about 1 .5 seconds, and it is made to dry at 1 10 degrees C, and it is 
immersed in a developer, negatives are developed for 90 seconds, and a rinse is 
carried out with pure water. 

[0028] (6) Form aluminum for IDT electrode 3b and reflector 4b, and 4b with 
vacuum evaporation technique, and carry out lift off of the unnecessary section of 
aluminum to a resist with resist exfoliation liquid. 

[0029] Thus, SAW component 2b with a line breadth [ of the electrode finger of 
IDT electrode 3b ] of 0.5 micrometers is formed in the front-face side of the 
piezo-electric substrate 1 at a with a line breadth [ of the electrode finger of IDT 
electrode 3a ] of 1 micrometer SAW component 2a and rear-face side. 
[0030] In this invention, it is desirable to put a protective coat 500A or less all 
over front flesh-side both sides of the piezo-electric substrate 1 in which SAW 
component 2a which uses abundantly the IDT electrodes 3a and 3b by which 
thinning was carried out, and 2b were formed. By preparing a protective coat, 
effectiveness like the following (1) - (4) is acquired. 

[0031] (1) Conventionally, although the resist turned pattern NINGU up and 
membranes were formed so that a protective coat might be formed for example, 
except for a pad electrode, and the unnecessary part was removed by the 
following **** etch method or the lift off method, at the time of the developer 
immersion in this pattern NINGU process, aluminum alloys for pad electrodes 
( an aluminum-Cu system, an aluminum-Ti system, aluminum-Si system, etc.) 
are etch with a developer, and prevent having cause degradation of frequency 
characteristics, and the fall of dependability. 

[0032] (2) Prevent that aluminum of a pad electrode began to melt into water 
according to the local battery effectiveness, and degradation of frequency 
characteristics and the fall of dependability had arisen at the time of the pure- 
water rinse after the development in said pattern NINGU process. 



[0033] (3) In case the wafer for piezo-electric substrate 1 is cut by the dicing 
method, aluminum begins to melt by contacting the pad electrode with which 
cooling water is not covered by the protective coat, and it can prevent the 
adhesion reinforcement of wire bond having fallen. 

[0034] (4) According to the pyroelectric effect of the piezo-electric substrate 1 , 
discharge arises between the electrode fingers of the IDT electrodes 3a and 3b 
and Reflectors 4a, 4a, 4b, and 4b at the time of heat treatment of the desiccation 
process after resist spreading in a pattern NINGU process, a wire-bonding 
process, a packaging process, etc., and control and prevent at it that an 
electrode finger is damaged. 

[0035] Said protective coats are insulating things, such as Si02, SiO, Cr-Si02, 
Cr-SiO, and SiN, or the semi-conductive (half-conductivity) thing whose 
resistance of the direction of the film (direction parallel to the film) is about 109- 
1013ohms, and are the oxide of Si, Ta, Mo, germanium, NiCr, NiCr-Si, and Ta or 
a nitride, the oxide of Mo or a nitride, the oxide of germanium, or a nitride. 109 
Between electrode fingers becomes easy to short-circuit under by omega, and 
the counteraction of a charge falls in 1013-ohm **. Said semi-conductive 
protective coat can reduce the incidence rate of discharge to about 30% - about 
50% as compared with an insulating thing. This is because a semi-conductive 
protective coat tends to ease the density-of-electric-charge difference between 
electrode fingers. Moreover, the electric resistance in a pad electrode becomes 
small, and degradation of a filter shape is smaller than an insulating thing. Such a 
protective coat is formed by the thin film forming methods, such as well-known 
vacuum deposition, the sputtering method, and a CVD method. 
[0036] It becomes difficult for the thickness of a protective coat to carry out direct 
bonding of the wire to a pad electrode, if 500A or less is good and exceeds 500A, 
consequently the adhesion reinforcement of the wire after bonding falls. 
Moreover, the electric resistance of a bonding area becomes large and frequency 
characteristics, such as a filter shape, deteriorate. More preferably, 25-500A is 
good and the effectiveness as a protective coat is almost lost by less than 25A. 



[0037] Moreover, in one principal plane of the piezo-electric substrate 1, it is 
more desirable to form the electric conduction film for the SAW component of a 
piece, a circuit pattern, and the pad electrodes for external derivation in 25% or 
more of the area of said one principal plane at least. By this configuration, the 
area of the electric conduction film with the early rate which captures the charge 
which floated in air becomes large, and neutralizes the charge on the electric 
conduction film and the piezo-electric substrate 1 early. 
[0038] In this invention, it consists of aluminum or an aluminum alloy (an 
aluminum-Cu system, an aluminum-Ti system, aluminum-Si system, etc.), and 
aluminum and an aluminum-Cu system alloy have high excitation effectiveness, 
and since ingredient cost is low, the electric conduction film for SAW component 
2a, the IDT electrodes 3a and 3b of 2b, Reflectors 4a and 4a and reflector 4b, 
and 4b has them. [ especially desirable effectiveness ] Moreover, said electric 
conduction film is formed by the thin film forming methods, such as vacuum 
deposition, the sputtering method, a CVD method, or the applying method. 
[0039] and the electrode finger of the IDT electrodes 3a and 3b ~ 50 to about 
200 and electrode digital-furrow width of face are suitable for a logarithm, when 
about 0.1-10.0 micrometers and electrode finger spacing acquire a property 
expected [ as a resonator or a filter ] in about 0. 1 -1 0.0 micrometers and electrode 
finger aperture width (crossover width of face) setting thickness of about 10-100 
micrometers and the IDT electrodes 3a and 3b to about 0.2-0.5 micrometers. 
Moreover, if piezoelectric material, such as a zinc oxide and an aluminum oxide, 
is formed between the electrode fingers of the IDT electrodes 3a and 3b, the 
resonance effectiveness of SAW improves and is suitable. 
[0040] As a piezo-electric substrate 1 for the SAW equipments D, it is LiTa03 of 
36 degreeY cut-X propagation. LiNb03 of a single crystal and 64 degreeY cut-X 
propagation LiB 407 of a single crystal and 45-degreeX cut-Z propagation Since 
[ that an electromechanical coupling coefficient is / a single crystal etc. / large 
and ] the group delay temperature coefficient is small, it is desirable. The 
thickness of the piezo-electric substrate 1 has about 0.3-0.5 goodmm, a piezo- 



electric substrate becomes weak in less than 0.3mm, and ingredient cost 
becomes large in 0.5mm **. 

[0041] In this way, in the 2nd photolithography process for making small a gap of 
the center frequency of each SAW equipment D, and desired uniform frequency 
characteristics and a filter shape being obtained, and forming an IDT electrode, 
even if the IDT electrode formed first reflects and the ultraviolet rays for exposure 
etc. are scattered about with it, this invention cannot be influenced [ the ] easily 
and has the operation effectiveness that the line breadth precision of patterning 
improves compared with the former as a result. 

[0042] In addition, this invention is not limited to the above-mentioned operation 
gestalt, and modification various by within the limits which does not deviate from 
the summary of this invention does not interfere at all. 
[0043] 

[Example] The example of this invention is explained below. 
[0044] (Example 1) It is the following, and the SAW equipment D of drawing 1 
was made and produced. LiTa03 of the 36 degreeY cut-X propagation by which 
both the principal plane was ground by the mirror plane as a piezo-electric 
substrate 1 SAW component 2a and 2b were formed in two principal planes, 
respectively by enforcing a process including a resist spreading process, a 
photolithography process, a vacuum deposition process, and a lift-off process for 
every principal plane using a crystal. 

[0045] Specifically, it produced according to the process of the following (1) - (10). 
[0046] (1) The resist of a positive type was applied to the front face (one principal 
plane) of the washed wafer for piezo-electric substrate 1 by about 1 .0 
micrometers of thickness, and it was dried at 90 degrees C. 
[0047] (2) Use the photo mask by which patterning was carried out so that 
electrode digital-furrow width of face may be set to about 1 .0 micrometers, and it 
is output 25.2 mW/cm2 at the wavelength of about 225nm. Ultraviolet rays 
performed adhesion exposure for about 4 seconds, and it was made to dry at 
110 degrees C. 



[0048] (3) It was immersed in the developer for 90 seconds, the resist of the 
exposure section was dissolved, the rinse was carried out with pure water, and 
the positive pattern of much SAW component 2a was formed in the resist film. 
[0049] (4) The electric conduction film for SAW component 2a, a circuit pattern, 
and pad electrodes (aluminum-Cu alloy) was formed with vacuum evaporation 
technique by the thickness of about 3500A, and lift off of the unnecessary electric 
conduction film was carried out to the unnecessary resist with resist exfoliation 
liquid. 

[0050] (5) The resist of a positive type was applied to the rear face (principal 
plane of another side) of a wafer by about 0.5 micrometers of thickness, and it 
was dried at 90 degrees C. 

[0051] (6) Use the photo mask by which patterning was carried out so that 
electrode digital-furrow width of face may be set to about 0.5 micrometers, and it 
is output 25.2 mW/cm2 at the wavelength of about 225nm. Ultraviolet rays 
performed adhesion exposure for about 1.5 seconds, and it was made to dry at 
110 degrees C. 

[0052] (7) It was immersed in the developer for 90 seconds, the resist of the 
exposure section was dissolved, the rinse was carried out with pure water, and 
the positive pattern of much SAW component 2bs was formed in the resist film. 
[0053] (8) The electric conduction film for SAW component 2b, a circuit pattern, 
and pad electrodes (aluminum-Cu alloy) was formed with vacuum evaporation 
technique by the thickness of about 3500A, and lift off of the unnecessary electric 
conduction film was carried out to the unnecessary resist with resist exfoliation 
liquid. 

[0054] (9) the dicing method using the cooling water of about [ specific resistance 
10-20M-omegacm ] pure water - a wafer - every - it cut for every SAW 
equipment D. 

[0055] (10) Each SAW equipment D was mounted in the package using the 
adhesives which consist of thermosetting resin, and wire bonding was performed. 
[0056] Thus, SAW component 2a whose electrode digital-furrow width of face is 



about 1.0 micrometers, respectively, and SAW component 2b whose electrode 
digital-furrow width of face is about 0.5 micrometers were produced to front flesh- 
side both sides of the piezo-electric substrate 1 . 

[0057] In this example, when the angle theta of the direction of an electrode 
finger of SAW component 2a and the direction of an electrode finger of SAW 
component 2b to make was made into 0 degree, 30 degrees, 60 degrees, 90 
degrees, 120 degrees, and 150 degrees, it produced such SAW equipment D 20 
pieces at a time respectively and gap 3sigma of such center frequency be 
measured, they were 9.9MHz, 8.6MHz, 5.4MHz, 4.3MHz, 5.8MHz and 8.4MHz, 
respectively. 

[0058] moreover, in this example, the ultraviolet rays for exposure are reflected 
and scattered about at the time of SAW component 2b production with the 
electric conduction film for SAW component 2a formed first - having - being 
hard - consequently, the former - the line breadth of the electrode finger of SAW 
component 2b - about 1 .0 - what was the precision beyond 
micrometer**0.15micrometer - this example (theta= 60 degrees) ~ about 1.0 - it 
has been improved with micrometer**0.09micrometer. 
[0059] (Example 2) After the above-mentioned process (8), it is Si02. SAW 
equipment D was produced like the example 1 except having put the protective 
coat all over the wafer by the thickness of 250A by the sputtering method. 
Although the filter shape was measured before and after protective coat covering, 
it is changeless and the adhesion reinforcement of a wire was also over the 
desired value (5g pile) as a product with all products. 

[0060] (Example 3) After the above-mentioned process (8), SAW equipment D 
was produced like the example 1 except having put the protective coat of Si all 
over the wafer by the thickness of 250A by the sputtering method. Although the 
filter shape was measured before and after protective coat covering, it is 
changeless and the adhesion reinforcement of a wire was also over the desired 
value (5g pile) as a product with all products. 

[0061] (Example of a comparison) After the above-mentioned process (8), SAW 



equipment D was produced like the example 1 except having put the protective 
coat of Si all over the wafer by the thickness of 600A by the sputtering method. It 
was changeless although the filter shape was measured before and after 
protective coat covering. However, the adhesion reinforcement of a wire was less 
than the desired value (5g pile) as a product, and about 10% of all products 
became a defective. 
[0062] 

[Effect of the Invention] This invention is SAW equipment which comes 
respectively to prepare the SAW component which has an IDT electrode in front 
flesh-side both sides of one piezo-electric substrate, when the direction of an 
electrode finger of the IDT electrode of front flesh-side both sides is not parallel, 
makes a gap of the center frequency of SAW equipment small, and has the 
operation effectiveness that desired uniform frequency characteristics and a filter 
shape are obtained. Moreover, in the 2nd photolithography process for forming 
an IDT electrode, even if the IDT electrode formed first reflects and the ultraviolet 
rays for exposure etc. are scattered about with it, it is [ the ] hard to be influenced 
and, as a result, the line breadth precision of patterning improves conventionally. 
[0063] By preparing a protective coat at moreover, the time of the developer 
immersion in the pattern NINGU process of a resist aluminum of a pad electrode 
is etched with a developer, or aluminum of a pad electrode begins to melt into 
water according to the local battery effectiveness at the time of the pure-water 
rinse after development, Furthermore, since aluminum begins to melt by 
contacting the pad electrode with which cooling water is not covered by the 
protective coat in case the wafer for piezo-electric substrates is cut by the dicing 
method, problems, such as degradation of frequency characteristics, a fall of 
dependability, and a fall of the adhesion reinforcement of wire bond, are solvable. 
[0064] Furthermore, by said protective coat, discharge arises between the 
electrode fingers of an IDT electrode and a reflector according to the pyroelectric 
effect of a piezo-electric substrate at the time of heat treatment of the pattern 
NINGU process of a resist, a packaging process, a wire-bonding process, etc., 



and it controls and prevents at it that an electrode finger is damaged. Moreover, 
a semi-conductive protective coat has the large effectiveness of discharge 
control. Or it can prevent that a conductive foreign matter invades into IDT inter- 
electrode, and between electrode fingers short-circuits by the protective coat, 
consequently the manufacture yield improves, and dependability also becomes 
high. 
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[Brief Description of the Drawings] 

[Drawing 1] It is the perspective view of the SAW equipment D of this invention. 
[Drawing 2] Other operation gestalten of this invention are shown and it is the 
perspective view of SAW equipment Da. 

[Drawing 3] In the SAW equipment D of this invention, it is the graph which 
shows the relation of angle theta and the gap of center frequency which the 
direction of an electrode finger of each SAW component makes. 
[Drawing 4] Conventional SAW equipment D1 It is shown and (a) is SAW 
equipment D1. A perspective view and (b) are the sectional views in the A-A line 
of (a). 



[Drawing 5] Degradation of the line breadth precision of conventional SAW 
equipment is explained, and it is the fragmentary sectional view of the piezo- 
electric substrate in the 2nd photolithography process. 
[Description of Notations] 
1 : A piezo-electric substrate 
2a: SAW component 
2b: SAW component 
3a, 3 b:IDT electrodes 
4a, 4b: Reflector 
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(54) SURFACE ACOUSTIC WAVE DEVICE 




(57)Abstract: 

PROBLEM TO BE SOLVED: To secure both frequency and filter characteristics 
as desired and to improve the line width accuracy of a comb-like electrode by 



setting the electrode finger directions of the comb-like electrode in non-parallel to 
each other on both sides and accordingly reducing the difference of center 
frequency between the surface acoustic wave(SAW) devices. 
SOLUTION: When an SAW device 2b is produced, the 2nd exposure ultraviolet 
rays are reflected and scattered on an IDT electrode 3a of an SAW device 2a 
that is first produced. This reflecting/scattering direction is vertical to the 
electrode finger directions of the electrode 3a. If the directions of electrode 
fingers of both devices 2a and 2b are overlapping each other, for example, the 
rays reflected and scattered by the electrode 3a are made incident in the line 
width directions of fingers of an IDT electrode 3b and therefore directly affect the 
line widths of the electrode digitals. In this respect, the directions of electrode 
fingers are set in non-parallel to each other forming an angle 9 between the 
directions. As a result, the intensity of the ultraviolet rays incident in the line width 
directions of the fingers of the electrode 3b are reduced according to an angle 6 
and accordingly the line width accuracy is not easily deteriorated. Thus, the 
difference of center frequency can be reduced between both devices 2a and 2b. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Surface acoustic wave equipment characterized by the direction of an 
electrode finger of the ctenidium-like electrode which is surface acoustic wave 
equipment which it comes to prepare in front flesh-side both sides of one piezo- 
electric substrate respectively, and formed in said table flesh-side both sides the 
surface acoustic element which has the ctenidium-like electrode of the pair 
constituted so that two or more parallel electrode fingers might be engaged by 
turns not being mutually parallel. 

[Claim 2] Surface acoustic wave equipment according to claim 1 whose angle 
theta which the direction of an electrode finger of the ctenidium-like electrode of 
said table flesh-side both sides makes is 30 degrees <= theta<=150 degrees. 
[Claim 3] Surface acoustic wave equipment according to claim 2 which said 
piezo-electric substrate consists of a lithium tantalate single crystal, and is 36.3 
degrees <= theta<=143.7 degrees. 

[Claim 4] Surface acoustic wave equipment according to claim 1 to 3 on which 



the insulating or semi-conductive protective coat of 500A or less of thickness is 
put all over front flesh-side both sides of said piezo-electric substrate. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the surface acoustic wave 
equipment used for mobile communication equipment, such as a cellular phone, 
for example, the surface acoustic wave equipment of a dual mode. 
[0002] 

[Description of the Prior Art] Surface acoustic wave (by Surface Acoustic Wave, it 
abbreviates to SAW hereafter) equipment D1 of the conventional dual mode An 
example is shown in drawing 4 . This drawing (a) is SAW equipment D1. A 
perspective view and (b) are the sectional views in the A-A line of (a). 
[0003] In this drawing, two SAW components 12a and 12b from which frequency 
characteristics, such as a passband property, differ in both the principal planes 
(front flesh-side both sides) of the piezo-electric substrate 10 are formed. The 
reflectors 14a, 14a, 14b, and 14b for these SAW components 12a and 12b 



having the ctenidium-like electrodes (henceforth [ it is Inter DigitalTransducer 
and ] an IDT electrode) 13a and 13b of a pair at least respectively, reflecting 
SAW in the both ends of the SAW propagation path of the IDT electrodes 13a 
and 13b depending on the case, and making it resonate efficiently are formed 
(refer to JP,2-218209,A). 

[0004] Moreover, there are some which prepared two SAW components from 
which frequency characteristics differ in one principal plane of the piezo-electric 
substrate 10 as SAW equipment of a dual mode. 
[0005] Although various signal processing systems are used for mobile 
communication equipment, such as a cellular phone and a digital cordless 
telephone, in recent years, development of the concomitant use machine which 
can be equivalent to two kinds of signal processing systems at coincidence is 
becoming active. Therefore, the request to the SAW equipment of a dual mode 
which can be equivalent to two different signal processing systems, such as 
above center frequency, pass band width, etc., is becoming large. 
[0006] 

[Problem(s) to be Solved by the Invention] however -- although the IDT 
electrodes 13a and 13b are formed in the front rear face of the above-mentioned 
piezo-electric substrate 10 -- a case ~ each SAW equipment D1 In between, 
there was a trouble that center frequency tends to shift. It is considered to be 
based on the following causes. 

[0007] Namely, although IDT electrode 25 formation process which consists of a 
photolithography process, a vacuum deposition process, a lift-off process, etc. is 
respectively given by a unit of 1 time to the front rear face of the piezo-electric 
substrate 21 as shown in drawing 5 In the photolithography process of the 2nd 
IDT electrode 25 formation process The ultraviolet rays 23 for the exposure for 
carrying out patterning of the resist film 22 through a photo mask 24 It is reflected 
and scattered about with the IDT electrode 25 of the SAW component formed 
first, the line breadth precision of patterning of the IDT electrode 25 formed in the 
2nd time falls, and it is based on the reason center frequency shifts from a design 



value as a result. 

[0008] Moreover, although two kinds of SAW components could also be put in 
order and installed in one principal plane of a piezo-electric substrate, in the 
contiguity section of these SAW(s) component, it needed to be used separately, 
consequently it reflected, light was scattered [ the ultraviolet rays for exposure 
interfered, or ] about from coincidence, the pattern [ finishing / the next 
formation ], or the electrode finger in two kinds of photo masks by the 
photolithography process, and the line breadth precision of patterning was falling. 
The effect was larger as these SAW components approached. 
[0009] Therefore, it is in this invention being completed in view of the above- 
mentioned situation, and making small a gap of the center frequency between 
each SAW equipment in the SAW equipment which the purpose forms two sorts 
of SAW components in the front rear face of a piezo-electric substrate, and 
changes, and desired uniform frequency characteristics and a filter shape being 
obtained, and enabling formation of the line breadth precision of an IDT electrode 
with high precision. 
[0010] 

[Means for Solving the Problem] The surface acoustic wave equipment of this 
invention the surface acoustic element which has the ctenidium-like electrode of 
the pair constituted so that two or more parallel electrode fingers might be 
engaged by turns It is characterized by the direction of an electrode finger of the 
ctenidium-like electrode which is surface acoustic wave equipment and was 
formed in said table flesh-side both sides which it comes to prepare in front flesh- 
side both sides of one piezo-electric substrate respectively not being mutually 
parallel. By such configuration A gap of the center frequency of each surface 
acoustic wave equipment is made small, and desired uniform frequency 
characteristics and a filter shape are obtained, and formation of the line breadth 
precision of a ctenidium-like electrode is attained with high precision. In this 
invention, the angle theta which the direction of an electrode finger of the 
ctenidium-like electrode of said table flesh-side both sides makes is 30 degrees 



<= theta<=150 degrees preferably. Moreover, preferably, said piezo-electric 
substrate consists of a lithium tantalate single crystal, and is 36.3 degrees <= 
theta<=143.7 degrees. 

[0011] Furthermore, preferably, all over front flesh-side both sides of said piezo- 
electric substrate, the insulating or semi-conductive protective coat of 500A or 
less of thickness is put, and a resistance to environment improves and discharge 
arises between the electrode fingers of a ctenidium-like electrode further in the 
pyroelectric effect of the piezo-electric substrate by the elevated temperature at 
the time of heat treatment, and a ctenidium-like electrode can short-circuit, or, 
thereby, it can control and prevent being damaged. 
[0012] 

[Embodiment of the Invention] This invention is explained using drawing 1 - 
drawing 3 . Drawing 1 is the perspective view of the basic configuration of the 
SAW equipment D of this invention. One piezo-electric substrate with which 1 
consists of a lithium tantalate (LiTa03) single crystal of 36 degreeY cut-X 
propagation etc. in this drawing, 2a, two SAW components with which 2b was 
prepared in front flesh-side both sides (both principal planes) of the piezo-electric 
substrate 1, respectively, The IDT electrode of the ctenidium-like electrode of the 
pair constituted so that 3a and 3b might engage two or more parallel electrode 
fingers by turns, the reflector with which 4a and 4a were prepared in the both 
ends of the propagation path of SAW of IDT electrode 3a, and 4b and 4b are the 
reflectors prepared in the both ends of the propagation path of SAW of IDT 
electrode 3b. As for such SAW component 2a and 2b, each direction of an 
electrode finger of the IDT electrodes 3a and 3b is mutually made un-parallel. 
[0013] Thus, if the direction of an electrode finger is made un-parallel, it will be 
thought that a gap of center frequency becomes small according to the following 
operations. 

[0014] That is, although IDT electrode 3of SAW component 2a produced to the 
1st time a reflects and the 2nd ultraviolet radiation for exposure is scattered 
about by it in case the 2nd SAW component (for example, SAW component 2b) 



is produced, the main directions of the reflection and dispersion are presumed to 
be a perpendicular direction to the direction of an electrode finger of IDT 
electrode 3a (longitudinal direction of an electrode finger). For example, the 
direction of an electrode finger is parallel, and when SAW component 2a and 2b 
have lapped mostly, the reflected light and the scattered light by IDT electrode 3a 
carry out incidence in the line breadth direction of the electrode finger of IDT 
electrode 3b, and affect the line breadth of a direct electrode finger. Then, if the 
direction of an electrode finger is made un-parallel, according to the angle theta 
to make, the reinforcement of the ultraviolet radiation which carries out incidence 
in the line breadth direction of the electrode finger of IDT electrode 3b decreases, 
line breadth precision will stop being able to deteriorate easily and, as a result, a 
gap of center frequency will be considered to become small. 
[0015] Drawing 2 shows other operation gestalten of this invention, and is the 
perspective view of the basic configuration of SAW equipment Da. The piezo- 
electric substrate with which 10 consists of a lithium tantalate (LiTa03) single 
crystal of 36 degreeY cut-X propagation etc. in this drawing, Two SAW 
components with which 20a and 20b were prepared in front flesh-side both sides 
of the piezo-electric substrate 1, respectively, An IDT electrode, the reflector with 
which 30a and 30b were prepared in 40a, and 40a was prepared in the both 
ends of the propagation path of SAW of IDT electrode 30a, and 40b and 40b are 
the reflectors prepared in the both ends of the propagation path of SAW of IDT 
electrode 30b. As for these SAW components 20a and 20b, the electrode finger 
of the IDT electrodes 30a and 30b is aslant formed to the bus bar. 
[0016] Generally, since SAW is perpendicularly spread to an electrode finger, if 
the tilt angle of the electrode finger to a bus bar is too large, the propagation path 
of SAW will shift from the electrode finger of an IDT electrode 30a edge. 
Therefore, the tilt angle to a bus bar is a maximum of about 30 degrees, and 
when it is larger than 30 degrees, the expected property as a resonator and a 
filter is difficult to get [ a tilt angle ]. 

[0017] Therefore, angle thetaa which the direction of an electrode finger of SAW 



component 20a and the direction of an electrode finger of SAW component 20b 
make is good to consider as 0 degree<thetaa<=60 degree. About 5 
degree<thetaa<=45 degree is good more preferably. If larger [ when smaller than 
5 degrees, the effectiveness of this invention is difficult to get, and ] than 45 
degrees, the resonance effectiveness of SAW will fall and loss will tend to 
increase. 

[0018] and two or more drawing 3 is the graphs which produced, expressed the 
gap of the center frequency of those passbands with 3sigma (sigma: standard 
deviation) of an axis of ordinate, and set the axis of abscissa to theta every about 
the SAW equipment D to which the angle theta which uses a piezo-electric 
substrate as the lithium tantalate single crystal of 36 degreeY cut-X propagation 
about the thing of drawing 1 , and the direction of an electrode finger makes was 
variously looked like [ equipment ], and was changed. As shown in this drawing, 
3sigma (sigma: standard deviation) is [ theta ] small rapidly bordering on about 
30 degrees, theta is about 150 degrees or less similarly, and 3sigma becomes 
small rapidly. Therefore, 30 degrees <= theta<=150 degrees are suitable. 
[0019] Furthermore, generally, when a piezo-electric substrate is the lithium 
tantalate single crystal of 36 degreeY cut-X propagation, since the inclination 
field of **4MHz and a passband edge is 4MHz, it is good [ spacing of a passband 
and a rejection band region / the shift amount of the passband edge by 20MHz 
and the temperature change (operational temperature range: -30 degrees C - 80 
degrees C) ] to suppress dispersion in center frequency below to 20-4x2-4=8MHz. 
Therefore, in drawing 2 , it became clear that the field where dispersion in center 
frequency becomes below 8MHz was 36.3 degrees <= theta<=143.7 degrees. 
[0020] Although SAW component 2a of this invention and 2b may be the so- 
called SAW filters of the filter with which frequency characteristics, such as 
center frequency and pass band width, differ, respectively, and a dual mode, 
even if they are the thing of the same frequency characteristics, they are not 
cared about. Moreover, two or more same SAW components as one principal 
plane may be prepared, for example, ladder mold SAW filters, such as a 2.5 step 



pi mold, a 2.5 step T mold, and a three-step mold, may be constituted. 
[0021] When the SAW equipment D of this invention is the SAW filter of the 
above-mentioned dual mode, SAW component 2a and IDT electrode 3a of 2b 
differ in an electrode finger pitch and electrode digital-furrow width of face from 
IDT electrode 3b, respectively, and Reflectors 4a and 4a differ from Reflectors 4b 
and 4b similarly. Such IDT electrode 3a, IDT electrode 3b, Reflectors 4a and 4a, 
and Reflectors 4b and 4b are formed of a process including the removal process 
of the unnecessary resist by the film formation process of the electric conduction 
film by the resist spreading process of a positive type (type which dissolves by 
exposure), or a negative mold (type which does not dissolve by exposure), a 
photolithography process, the vacuum deposition method, the sputtering method, 
the CVD method, the applying method, etc., the lift-off method, the etching 
method, etc. and the unnecessary electric conduction film. 
[0022] For example, it is produced by following process (1) - (6). 
[0023] (1) Wash the piezo-electric substrate 1 of the lithium tantalate single 
crystal of the 36 degreeY cut-X propagation which ground the front face, apply a 
resist to the one principal plane (front face) by about 1.0-micrometer thickness, 
and make it dry at 90 degrees C. 

[0024] (2) Use the photo mask which forms electrode line breadth, such as IDT 
electrode 3a, by about 1 micrometer, and they are the wavelength of about 
225nm, and output 25.2 mW/cm2. Ultraviolet radiation performs adhesion 
exposure for about 4 seconds, and it is made to dry at 1 10 degrees C, and it is 
immersed in a developer, negatives are developed for 90 seconds, and a rinse is 
carried out with pure water. 

[0025] (3) Form aluminum for IDT electrode 3a and reflector 4a, and 4a with 
vacuum evaporation technique, and carry out lift off of the unnecessary section of 
aluminum to a resist with resist exfoliation liquid. 

[0026] (4) Apply a resist to the principal plane (rear face) of another side of the 
piezo-electric substrate 1 by about 0.5-micrometer thickness, and make it dry at 
90 degrees C. 



[0027] (5) Use the photo mask which forms electrode line breadth, such as IDT 
electrode 3b, by about 0.5 micrometers, and they are the wavelength of about 
225nm, and output 25.2 mW/cm2. Ultraviolet radiation performs adhesion 
exposure for about 1.5 seconds, and it is made to dry at 1 10 degrees C, and it is 
immersed in a developer, negatives are developed for 90 seconds, and a rinse is 
carried out with pure water. 

[0028] (6) Form aluminum for IDT electrode 3b and reflector 4b, and 4b with 
vacuum evaporation technique, and carry out lift off of the unnecessary section of 
aluminum to a resist with resist exfoliation liquid. 

[0029] Thus, SAW component 2b with a line breadth [ of the electrode finger of 
IDT electrode 3b ] of 0.5 micrometers is formed in the front-face side of the 
piezo-electric substrate 1 at a with a line breadth [ of the electrode finger of IDT 
electrode 3a ] of 1 micrometer SAW component 2a and rear-face side. 
[0030] In this invention, it is desirable to put a protective coat 500A or less all 
over front flesh-side both sides of the piezo-electric substrate 1 in which SAW 
component 2a which uses abundantly the IDT electrodes 3a and 3b by which 
thinning was carried out, and 2b were formed. By preparing a protective coat, 
effectiveness like the following (1) - (4) is acquired. 

[0031] (1) Conventionally, although the resist turned pattern NINGU up and 
membranes were formed so that a protective coat might be formed for example, 
except for a pad electrode, and the unnecessary part was removed by the 
following **** etch method or the lift off method, at the time of the developer 
immersion in this pattern NINGU process, aluminum alloys for pad electrodes 
( an aluminum-Cu system, an aluminum-Ti system, aluminum-Si system, etc.) 
are etch with a developer, and prevent having cause degradation of frequency 
characteristics, and the fall of dependability. 

[0032] (2) Prevent that aluminum of a pad electrode began to melt into water 
according to the local battery effectiveness, and degradation of frequency 
characteristics and the fall of dependability had arisen at the time of the pure- 
water rinse after the development in said pattern NINGU process. 



[0033] (3) In case the wafer for piezo-electric substrate 1 is cut by the dicing 
method, aluminum begins to melt by contacting the pad electrode with which 
cooling water is not covered by the protective coat, and it can prevent the 
adhesion reinforcement of wire bond having fallen. 

[0034] (4) According to the pyroelectric effect of the piezo-electric substrate 1 , 
discharge arises between the electrode fingers of the IDT electrodes 3a and 3b 
and Reflectors 4a, 4a, 4b, and 4b at the time of heat treatment of the desiccation 
process after resist spreading in a pattern NINGU process, a wire-bonding 
process, a packaging process, etc., and control and prevent at it that an 
electrode finger is damaged. 

[0035] Said protective coats are insulating things, such as Si02, SiO, Cr-Si02, 
Cr-SiO, and SiN, or the semi-conductive (half-conductivity) thing whose 
resistance of the direction of the film (direction parallel to the film) is about 109- 
1013ohms, and are the oxide of Si, Ta, Mo, germanium, NiCr, NiCr-Si, and Ta or 
a nitride, the oxide of Mo or a nitride, the oxide of germanium, or a nitride. 109 
Between electrode fingers becomes easy to short-circuit under by omega, and 
the counteraction of a charge falls in 1013-ohm **. Said semi-conductive 
protective coat can reduce the incidence rate of discharge to about 30% - about 
50% as compared with an insulating thing. This is because a semi-conductive 
protective coat tends to ease the density-of-electric-charge difference between 
electrode fingers. Moreover, the electric resistance in a pad electrode becomes 
small, and degradation of a filter shape is smaller than an insulating thing. Such a 
protective coat is formed by the thin film forming methods, such as well-known 
vacuum deposition, the sputtering method, and a CVD method. 
[0036] It becomes difficult for the thickness of a protective coat to carry out direct 
bonding of the wire to a pad electrode, if 500A or less is good and exceeds 500A, 
consequently the adhesion reinforcement of the wire after bonding falls. 
Moreover, the electric resistance of a bonding area becomes large and frequency 
characteristics, such as a filter shape, deteriorate. More preferably, 25-500A is 
good and the effectiveness as a protective coat is almost lost by less than 25A. 



[0037] Moreover, in one principal plane of the piezo-electric substrate 1, it is 
more desirable to form the electric conduction film for the SAW component of a 
piece, a circuit pattern, and the pad electrodes for external derivation in 25% or 
more of the area of said one principal plane at least. By this configuration, the 
area of the electric conduction film with the early rate which captures the charge 
which floated in air becomes large, and neutralizes the charge on the electric 
conduction film and the piezo-electric substrate 1 early. 
[0038] In this invention, it consists of aluminum or an aluminum alloy (an 
aluminum-Cu system, an aluminum-Ti system, aluminum-Si system, etc.), and 
aluminum and an aluminum-Cu system alloy have high excitation effectiveness, 
and since ingredient cost is low, the electric conduction film for SAW component 
2a, the IDT electrodes 3a and 3b of 2b, Reflectors 4a and 4a and reflector 4b, 
and 4b has them. [ especially desirable effectiveness ] Moreover, said electric 
conduction film is formed by the thin film forming methods, such as vacuum 
deposition, the sputtering method, a CVD method, or the applying method. 
[0039] and the electrode finger of the IDT electrodes 3a and 3b ~ 50 to about 
200 and electrode digital-furrow width of face are suitable for a logarithm, when 
about 0.1-10.0 micrometers and electrode finger spacing acquire a property 
expected [ as a resonator or a filter ] in about 0.1-10.0 micrometers and electrode 
finger aperture width (crossover width of face) setting thickness of about 10-100 
micrometers and the IDT electrodes 3a and 3b to about 0.2-0.5 micrometers. 
Moreover, if piezoelectric material, such as a zinc oxide and an aluminum oxide, 
is formed between the electrode fingers of the IDT electrodes 3a and 3b, the 
resonance effectiveness of SAW improves and is suitable. 
[0040] As a piezo-electric substrate 1 for the SAW equipments D, it is LiTa03 of 
36 degreeY cut-X propagation. LiNb03 of a single crystal and 64 degreeY cut-X 
propagation LiB 407 of a single crystal and 45-degreeX cut-Z propagation Since 
[ that an electromechanical coupling coefficient is / a single crystal etc. / large 
and ] the group delay temperature coefficient is small, it is desirable. The 
thickness of the piezo-electric substrate 1 has about 0.3-0.5 goodmm, a piezo- 



electric substrate becomes weak in less than 0.3mm, and ingredient cost 
becomes large in 0.5mm **. 

[0041] In this way, in the 2nd photolithography process for making small a gap of 
the center frequency of each SAW equipment D, and desired uniform frequency 
characteristics and a filter shape being obtained, and forming an IDT electrode, 
even if the IDT electrode formed first reflects and the ultraviolet rays for exposure 
etc. are scattered about with it, this invention cannot be influenced [ the ] easily 
and has the operation effectiveness that the line breadth precision of patterning 
improves compared with the former as a result. 

[0042] In addition, this invention is not limited to the above-mentioned operation 
gestalt, and modification various by within the limits which does not deviate from 
the summary of this invention does not interfere at all. 
[0043] 

[Example] The example of this invention is explained below. 
[0044] (Example 1) It is the following, and the SAW equipment D of drawing 1 
was made and produced. LiTa03 of the 36 degreeY cut-X propagation by which 
both the principal plane was ground by the mirror plane as a piezo-electric 
substrate 1 SAW component 2a and 2b were formed in two principal planes, 
respectively by enforcing a process including a resist spreading process, a 
photolithography process, a vacuum deposition process, and a lift-off process for 
every principal plane using a crystal. 

[0045] Specifically, it produced according to the process of the following (1) - (10). 
[0046] (1) The resist of a positive type was applied to the front face (one principal 
plane) of the washed wafer for piezo-electric substrate 1 by about 1.0 
micrometers of thickness, and it was dried at 90 degrees C. 
[0047] (2) Use the photo mask by which patterning was carried out so that 
electrode digital-furrow width of face may be set to about 1.0 micrometers, and it 
is output 25.2 mW/cm2 at the wavelength of about 225nm. Ultraviolet rays 
performed adhesion exposure for about 4 seconds, and it was made to dry at 
110 degrees C. 



[0048] (3) It was immersed in the developer for 90 seconds, the resist of the 
exposure section was dissolved, the rinse was carried out with pure water, and 
the positive pattern of much SAW component 2a was formed in the resist film. 
[0049] (4) The electric conduction film for SAW component 2a, a circuit pattern, 
and pad electrodes (aluminum-Cu alloy) was formed with vacuum evaporation 
technique by the thickness of about 3500A, and lift off of the unnecessary electric 
conduction film was carried out to the unnecessary resist with resist exfoliation 
liquid. 

[0050] (5) The resist of a positive type was applied to the rear face (principal 
plane of another side) of a wafer by about 0.5 micrometers of thickness, and it 
was dried at 90 degrees C. 

[0051] (6) Use the photo mask by which patterning was carried out so that 
electrode digital-furrow width of face may be set to about 0.5 micrometers, and it 
is output 25.2 mW/cm2 at the wavelength of about 225nm. Ultraviolet rays 
performed adhesion exposure for about 1.5 seconds, and it was made to dry at 
110 degrees C. 

[0052] (7) It was immersed in the developer for 90 seconds, the resist of the 
exposure section was dissolved, the rinse was carried out with pure water, and 
the positive pattern of much SAW component 2bs was formed in the resist film. 
[0053] (8) The electric conduction film for SAW component 2b, a circuit pattern, 
and pad electrodes (aluminum-Cu alloy) was formed with vacuum evaporation 
technique by the thickness of about 3500A, and lift off of the unnecessary electric 
conduction film was carried out to the unnecessary resist with resist exfoliation 
liquid. 

[0054] (9) the dicing method using the cooling water of about [ specific resistance 
10-20M-omegacm ] pure water - a wafer ~ every ~ it cut for every SAW 
equipment D. 

[0055] (10) Each SAW equipment D was mounted in the package using the 
adhesives which consist of thermosetting resin, and wire bonding was performed. 
[0056] Thus, SAW component 2a whose electrode digital-furrow width of face is 



about 1.0 micrometers, respectively, and SAW component 2b whose electrode 
digital-furrow width of face is about 0.5 micrometers were produced to front flesh- 
side both sides of the piezo-electric substrate 1 . 

[0057] In this example, when the angle theta of the direction of an electrode 
finger of SAW component 2a and the direction of an electrode finger of SAW 
component 2b to make was made into 0 degree, 30 degrees, 60 degrees, 90 
degrees, 120 degrees, and 150 degrees, it produced such SAW equipment D 20 
pieces at a time respectively and gap 3sigma of such center frequency be 
measured, they were 9.9MHz, 8.6MHz, 5.4MHz, 4.3MHz, 5.8MHz and 8.4MHz, 
respectively. 

[0058] moreover, in this example, the ultraviolet rays for exposure are reflected 
and scattered about at the time of SAW component 2b production with the 
electric conduction film for SAW component 2a formed first - having - being 
hard - consequently, the former - the line breadth of the electrode finger of SAW 
component 2b -- about 1 .0 -- what was the precision beyond 
micrometer**0.15micrometer - this example (theta= 60 degrees) - about 1.0 -- it 
has been improved with micrometer**0.09micrometer. 
[0059] (Example 2) After the above-mentioned process (8), it is Si02. SAW 
equipment D was produced like the example 1 except having put the protective 
coat all over the wafer by the thickness of 250A by the sputtering method. 
Although the filter shape was measured before and after protective coat covering, 
it is changeless and the adhesion reinforcement of a wire was also over the 
desired value (5g pile) as a product with all products. 

[0060] (Example 3) After the above-mentioned process (8), SAW equipment D 
was produced like the example 1 except having put the protective coat of Si all 
over the wafer by the thickness of 250A by the sputtering method. Although the 
filter shape was measured before and after protective coat covering, it is 
changeless and the adhesion reinforcement of a wire was also over the desired 
value (5g pile) as a product with all products. 

[0061] (Example of a comparison) After the above-mentioned process (8), SAW 



equipment D was produced like the example 1 except having put the protective 
coat of Si all over the wafer by the thickness of 600A by the sputtering method. It 
was changeless although the filter shape was measured before and after 
protective coat covering. However, the adhesion reinforcement of a wire was less 
than the desired value (5g pile) as a product, and about 10% of all products 
became a defective. 
[0062] 

[Effect of the Invention] This invention is SAW equipment which comes 
respectively to prepare the SAW component which has an IDT electrode in front 
flesh-side both sides of one piezo-electric substrate, when the direction of an 
electrode finger of the IDT electrode of front flesh-side both sides is not parallel, 
makes a gap of the center frequency of SAW equipment small, and has the 
operation effectiveness that desired uniform frequency characteristics and a filter 
shape are obtained. Moreover, in the 2nd photolithography process for forming 
an IDT electrode, even if the IDT electrode formed first reflects and the ultraviolet 
rays for exposure etc. are scattered about with it, it is [ the ] hard to be influenced 
and, as a result, the line breadth precision of patterning improves conventionally. 
[0063] By preparing a protective coat at moreover, the time of the developer 
immersion in the pattern NINGU process of a resist aluminum of a pad electrode 
is etched with a developer, or aluminum of a pad electrode begins to melt into 
water according to the local battery effectiveness at the time of the pure-water 
rinse after development, Furthermore, since aluminum begins to melt by 
contacting the pad electrode with which cooling water is not covered by the 
protective coat in case the wafer for piezo-electric substrates is cut by the dicing 
method, problems, such as degradation of frequency characteristics, a fall of 
dependability, and a fall of the adhesion reinforcement of wire bond, are solvable. 
[0064] Furthermore, by said protective coat, discharge arises between the 
electrode fingers of an IDT electrode and a reflector according to the pyroelectric 
effect of a piezo-electric substrate at the time of heat treatment of the pattern 
NINGU process of a resist, a packaging process, a wire-bonding process, etc., 



and it controls and prevents at it that an electrode finger is damaged. Moreover, 
a semi-conductive protective coat has the large effectiveness of discharge 
control. Or it can prevent that a conductive foreign matter invades into IDT inter- 
electrode, and between electrode fingers short-circuits by the protective coat, 
consequently the manufacture yield improves, and dependability also becomes 
high. 
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[Brief Description of the Drawings] 

[Drawing 1] It is the perspective view of the SAW equipment D of this invention. 
[Drawing 2] Other operation gestalten of this invention are shown and it is the 
perspective view of SAW equipment Da. 

[Drawing 3] In the SAW equipment D of this invention, it is the graph which 
shows the relation of angle theta and the gap of center frequency which the 
direction of an electrode finger of each SAW component makes. 
[Drawing 4] Conventional SAW equipment D1 It is shown and (a) is SAW 
equipment D1. A perspective view and (b) are the sectional views in the A-A line 
of (a). 



[Drawing 5] Degradation of the line breadth precision of conventional SAW 
equipment is explained, and it is the fragmentary sectional view of the piezo- 
electric substrate in the 2nd photolithography process. 
[Description of Notations] 
1: A piezo-electric substrate 
2a: SAW component 
2b: SAW component 
3a, 3 b:IDT electrodes 
4a, 4b: Reflector 
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[Drawing 3] 
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